Benzodiazepines, including diazepam and midazolam, are the mainstay of treatment for seizure emergencies, including acute repetitive seizures. Nonparenteral dosage forms are used when parenteral (intravenous or intramuscular) dosing is not feasible. Currently available nonparenteral dosage forms have limitations in terms of usability, patient and caregiver acceptance, speed of action, and portability. Diazepam buccal film (DBF) is a compact, easily administered diazepam formulation. When placed onto the buccal mucosa inside the cheek, DBF adheres firmly and then rapidly dissolves, delivering diazepam transbucally and via the gastric route. In fasted healthy male volunteers, plasma levels were achieved rapidly after DBF placement in a linear doseproportional fashion. Bioavailability in adult patients with epilepsy was not significantly different when DBF was applied interictally or periictally (within 5 min of a seizure). Diazepam buccal film was successfully placed and generally used without difficulty, even without patient cooperation immediately after a seizure. In a crossover comparative study with diazepam rectal gel (Diastat®) in adult patients with epilepsy, DBF performed equivalently to the rectal gel, but peak exposures were less variable. Diazepam buccal film is a convenient alternative for out-of-hospital treatment of seizure exacerbations. Proceedings of the 7th London-Innsbruck Colloquium on Status Epilepticus and Acute Seizures.
Introduction
Patients with epilepsy who have worrisome seizure exacerbations outside of a medical facility may benefit from rapid treatment by a caregiver or bystander, or even from a therapy that is self-administered. Such seizure exacerbations fall on a continuum ranging from single breakthrough seizures (including a more severe or prolonged seizure than is typical for the patient), to acute repetitive seizures (ARS), and, in the most severe form, to status epilepticus [1] . Also commonly referred to as seizure clusters or seizure flurries, ARS represents a series of seizures grouped consecutively, typically with short (or shorter than usual) interictal periods [2] . More generally, ARS can be considered a change in frequency of seizures for which treatment is desired. Patients experiencing ARS have drug refractory epilepsy and experience spontaneous seizures on a recurrent basis. When ARS is identified, there is heightened concern for seizure-associated risks including postictal psychosis; injury from falls and burns; negative social and economic impact from frequent emergency department visits, hospitalizations, or missed school or work days; and importantly for status epilepticus that may lead to persistent neurological impairment or death [3] .
Parenteral (intravenous or intramuscular) dosing is preferred for seizure rescue therapy, particularly in the emergency treatment of status epilepticus [4] . Alternative nonparental dosage forms are used when parenteral therapy is not feasible or when a patient has such frequent episodes that parenteral therapy is not practical [4, 5] . The objective of therapy may be to prevent seizure recurrence, interrupt progression of a sequence of seizures, or terminate an ongoing seizure [4] .
Current treatments for acute seizures
Benzodiazepines such as diazepam, midazolam, and lorazepam are considered the drugs of choice for the initial acute treatment of seizures. Shortly after the introduction of diazepam in 1963, the drug was found to be effective in the acute treatment of status epilepticus and became established as the standard of care [6] [7] [8] . Benzodiazepines have also been used off label by the oral, nasal and buccal routes for the treatment of ARS [9] . The first product approved in the United States for the treatment of breakthrough seizure clusters was diazepam rectal gel (Diastat ® ), which gained approval in 1997. A second product for the treatment of ARS, midazolam nasal spray (Nayzilam ® ), was recently approved in the United States. In the United Kingdom and elsewhere in the world, oromucosal midazolam for buccal administration [Buccolam ® (midazolam hydrocholoride), Epistatus ® (midazolam maleate)] has been approved for prolonged acute convulsive seizures.
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Currently available products for the treatment of ARS and acute convulsive seizures have significant limitations. Rectal administration is unwieldy, may be embarrassing for patients and caregivers, and use may be restricted by social and legal constraints [4] , and intranasal administration is often poorly accepted by patients, which can negatively impact compliance [10] . Most oral tablet forms of benzodiazepines such as lorazepam, diazepam and clonazepam must be swallowed with water and this is only feasible when the patient is awake and alert. Some sublingual or buccal dosage forms may also require patient cooperation. Lorazepam in an orodispersible tablet form (Temesta Expidet®) has been used sublingually in the treatment of acute seizures in children, but it and other available oral dosage forms may not act as rapidly as rectal diazepam [11] .
Diazepam buccal film
A buccal soluble film formulation of diazepam (DBF; Libervant™, Aquestive Therapeutics) is under development that has several favorable characteristics and overcomes many of the disadvantages of other nonparenteral dosage forms used for acute seizure treatments (Fig. 1 ). The thin film, which is less than the size of a postage stamp, is affixed to the buccal mucosa inside the cheek. Placement can be either by the patient or by a caregiver. Diazepam is absorbed transbucally and is also swallowed, so that a portion of the dose is transported to the stomach and absorbed by the small intestine. The polymer hydroxypropyl methylcellulose is used to hold diazepam and excipients in a uniform distribution throughout the film. Because of the uniform distribution, the dose can easily be adjusted by cutting the film. The film has a mucoadhesive surface so that it adheres to the buccal mucosa. It begins to dissolve immediately on application to the mucosa releasing diazepam.
Studies in healthy volunteers
In studies with fasted healthy male volunteers, DBF doses of 5 mg to 15 mg exhibited rapid absorption and linear dose-proportional pharmacokinetics (Figs. 1 and 2) [12, 13] . By contrast, diazepam rectal gel showed sublinear dose-proportional pharmacokinetics [13] . Recent studies in animal models indicate that plasma diazepam concentrations in the range of 70 ng/mL are associated with an elevation in seizure threshold [14] . At 15 min after application to the buccal mucosa, the mean plasma concentration following a 15-mg DBF dose exceeds levels in this range.
Studies in subjects with epilepsy
A study was conducted in adult male and female patients with epilepsy to determine if changes in the oral environment or other physiological changes that occur during a seizure impact diazepam absorption [15] . The study had a crossover design in which subjects received a single 12.5-mg DBF dose during two visits separated by no less than 14 days. In one of the visits, which was in the epilepsy monitoring unit (EMU) setting, DBF was dosed within 5 min of a seizure, referred to as "periictal dosing." In the other visit, DBF was dosed when no seizure had been observed in the preceding 3 h, referred to as "interictal dosing." Plasma samples for diazepam determination were drawn at intervals following dosing. As shown in Table 1 , there was no significant difference in the exposures to diazepam in the intericatal and periictal periods, demonstrating adequate performance of DBF even when administered to the buccal mucosa in the period immediately after a seizure. The straight-line interpolated C max value for a 12.5-mg DBF dose in fasted healthy volunteers based on the data presented in Fig. 3 is 417 ng/mL, which is substantially greater than the geometric mean C max values obtained in the study with subjects with epilepsy. Diazepam is N-demethylated by CYP3A4 and CYP2C19, so that its clearance is increased by inducers of these isozymes [16] . The lower than expected C max value obtained in subjects with epilepsy could be due in part to concomitant inducing antiseizure drugs taken by many of the subjects. There was also a reduced AUC 0-inf consistent with CYP induction. Additional as yet undefined factors could also play a role in the reduced mean C max value in subjects with epilepsy, including an effect of food on the rate of drug absorption since subjects were not fasted.
Adverse effects and usability
Diazepam is a sedative-hypnotic agent. According to the Food and Drug Administration (FDA)-approved label, somnolence was observed in 23% of subjects dosed with diazepam rectal gel compared with 8% receiving placebo. In the interictal-periictal crossover study, 6% (2 of 35) of subjects exhibited somnolence in at least one of the treatment periods; somnolence was rated as severe in one subject. There were no serious adverse events related to study drug, and no patient withdrew because of an adverse event. In this study, DBF was successfully placed on the first attempt in most subjects ( Table 2 ). Occasionally the film was not placed correctly on initial attempt, but this was readily corrected. Rarely subjects swallowed the film, which is not expected to markedly affect performance.
Crossover study with diazepam rectal gel
To further characterize the performance of DBF in patients with epilepsy a crossover study was conduced in 31 adult male and female patients who were dosed DBF according to a weight-based regimen with a maximum dose of 17.5 mg. The subjects were also dosed diazepam rectal gel (Diastat®) according to the weight-based regimen in the FDA-approved label. Because food can delay absorption of oral diazepam and reduce the C max level, subjects were dosed within 30 min of the start of a moderate fat meal to provide an evaluation under challenging "real world" conditions. In this study, DBF performed equivalently to diazepam rectal gel. The geometric mean C max value obtained with DBF was 204 ng/mL. However, DBF was more consistent than diazepam rectal gel inasmuch as 3 subjects exhibited low diazepam exposures (C max b 70 ng/mL) with rectal gel whereas such low exposures were not observed in any subject when challenged with DBF. The median T max value for DBF was 1.0 h whereas the median T max for rectal gel was 0.52 h. It is noteworthy that therapeutic levels may be achieved before T max . Variability in the data and uncertainty as to the required therapeutic level precludes a conclusion as to whether the onset of action of either treatment would tend to occur more rapidly.
Conclusions
Diazepam buccal film provides a convenient alternative to other benzodiazepine-based acute seizure treatments. With appropriate dosing, DBF results in diazepam peak levels and overall exposures that are similar to those obtained with the diazepam rectal gel legacy formulation. Moreover, DBF performs more reliably than diazepam rectal gel. Successful placement of film 33 (100%) 33 (100%) Required more than 1 film placement attempt 0 (0%) 2 (6.1%) Spit or blew out film 0 (0%) 3 (9.1%) Swallowed film 2 (6.1%) 1 (3.0%)
Results of usability evaluation from interictal-perictal crossover study described in Table 1 .
Values indicate number of subjects out of 33; percentages are given in parentheses. From Jung et al. [17] .
A rigorous pharmacokinetic study has demonstrated that recent seizure activity and the concomitant changes in the oral milieu do not affect DBF performance. Diazepam buccal film can be self-administered or alternatively a caregiver can administer DBF without cooperation of the subject. Application of DBF to the inner wall of the cheek avoids the teeth, so there is a low risk of a bite or damage to the teeth. Diazepam buccal film is a compact, easily carried, dosage form that could represent a versatile treatment for acute seizures and might be used in a variety of circumstances where other dosage forms are problematic.
